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Abstract— In this paper a hybrid approach for consider-
ing massive conducting regions in time-domain finite-element
modeling is presented. Surface impedance boundary conditions,
developed in the time domain as previously proposed by the
authors, are adopted so as to accomodate for high-frequency flux
components (in a certain frequency band) without the need for
very fine discretisation of the conducting region near its surface.
These surface conditions are combined with a coarse FE mesh
inside the region for allowing for slowly varying flux components.
The correct impedance behaviour can thus be obtained in a
wide frequency range, from DC flux on. The approach is briefly
demonstrated by means of a simple 1D test case.
I. INTRODUCTION
Surface-impedance boundary conditions (SIBCs) are widely
applied in frequency-domain eddy-current problems for con-
sidering massive conducting regions. Several time-domain
approaches have been proposed to date [1][2]. The approach
in [2] is based on the discretisation of the 1-D half-plane
eddy-current problem by means of dedicated basis functions.
The latter are pair-wise derived from the analytical frequency-
domain solution considering a number of discrete frequencies
covering the relevant frequency interval.
II. HYBRID APPROACH
The hybrid approach will hereafter be explained by means
of a basic 1D geometry: a non-magnetic conducting region
Ω of depth L = 100 mm (0 ≤ x ≤ L), with conductivity
σ = 6 ·107 S/m, which is either coarsely meshed (20 elements
of each 5 mm length) or finely meshed (reference FE solution).
Considering frequency-domain calculations with the mag-
netic vector potential a, the flux density b = curl a and the
electric field e = −∂ta are linked together at the surface
x = 0:
∂xa = −1 + i
δ
· a , (1)
with i =
√−1 and δ the penetration depth, supposing that Ω
is infinitely deep (δ  L, hypothesis of the SIBC approach).
For comparing globally the different approaches, we will
consider the complex value Z that is equal to 1/(1 + i) if
no discretisation error is made and supposing δ  L. More
precisely, for sake of brevity, we will show Zn =
√
2·abs(Z),
referred to as normalised impedance, and ignore the phase
difference (or error).
Let us first look at the SIBCs taking e.g. f1 = 100, f2 =
1000 and f3 = 10000 as discrete frequencies (in Hz). Fig. 1
shows a very good accuracy in the interval [f1, f3], i.e. Zn
close to 1, with some overshoot on both sides.
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For the characteristic Z(f) to drop quicker to zero on
the left side of the interval [f1, f3], a fictitious frequency-
dependent conductivity σ∗(f) can be adopted:
σ∗ =
(
1 + c1/f2 + . . .
)
σ , (2)
with the coefficients c1, c2, . . . properly choosen.
An example of such a cut-off correction is shown in Fig. 1.
Note that the conductivity σ∗(f) can be taken into account
straightforwardly in the time domain (see extended paper).
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Fig. 1. Normalised impedance versus frequency obtained with SIBC approach
(with and without cut-off correction)
Fig. 2 shows the result of combining the SIBC approach and
the coarse mesh. Between 0 and 10000 Hz a good agreement
with the reference FE solution is obtained.
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Fig. 2. Normalised impedance versus frequency obtained with fine FE mesh,
coarse FE mesh, SIBC approach and hybrid approach approach (with and
without cut-off correction)
In the extended paper the practical time-domain implemen-
tation of this hybrid approach will be discussed in detail. A
2D application example will be treated.
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